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Summary of Work in 2002

1. Finished a multi-fluid solar wind model.

2. Determined the solar wind slowdown and interstellar neutral density.

3. Studied shock propagation and evolution in the outer heliosphere.

4. Investigated statistical properties of the solar wind in the outer heliosphere.

5. Two papers have been accepted by J. Geophys. Res. and two by Astrophys. J.

Four additional papers have been submitted, one to Astrophys. J., one to Adv. Space Res, and

two to SW 10.

Work completed

In the first year of this study we have had four papers accepted in refereed journals (JGR and

ApJ) in collaboration with J.D. Richardson at MIT and L.F. Burlaga at NASA-Goddard Space

Flight Center.

We have developed a one-dimensional, spherically symmetric, multi-fluid MHD model that

includes solar wind protons and electrons, pickup ions, and interstellar neutral hydrogen. This

model advances the existing solar wind models for the outer heliosphere in two important ways:

one is that it distinguishes solar wind protons from pickup ions, and the other is that it allows for

energy transfer from pickup ions to the solar wind protons. Model results compare favorably

with the Voyager 2 observations.

The solar wind in the outer heliosphere is fundamentally different from that in the inner

heliosphere since the effects of interstellar neutrals become significant. The magnitude of the

solar wind speed decrease from the inner to the outer heliosphere provides important information

about the interaction of the heliosphere with the local interstellar medium (LISM), leading to

better estimates of the size and shape of the heliosphere and of the LISM density. Using our

newly developed model, we take advantage of the observations from multiple spacecraft (ACE,

Ulysses and Voyager 2) in 1999 near solar maximum to examine the solar wind slowdown. [C.

Wang and J. D. Richardson, J. Geophys. Res., in press, 2002]. We find a decrease in speed of 53-

62 km/s at Voyager 2 (-60 AU) with respect to ACE and Ulysses measurements, or a 12-14%

slowdown, the largest yet reported. The interstellar neutral hydrogen density is estimated to be

0.09 cm$^{-3 }$ at the termination shock, which is consistent with the estimations from other

investigations.

During the current solar maximum (Cycle 23), several major CMEs associated with solar flares

produced large transient flows and shocks which were observed by widely-separated spacecraft

such as Wind at Earth and Voyager 2 beyond 60 AU. Using data from these spacecraft and our

model, we study shock propagation and interaction in the outer heliosphere. We demonstrate that



astrongshockin thedistantheliospherecouldbeanouterheliosphericremnantof astrongshock
in the innerheliosphere("one to one"relationship),or it couldbeanoutcomeof thesuccessive
interactionandmergingof a seriesof interplanetaryshocks("one to many"relationship).[C.
WangandJ.D. Richardson,Proceedingsof theTenthInternationalSolarWind Conference,in
press,2002.]

In acollaborationwith L.F. Burlagaof GSFC,it is shownthatthebasicstatisticalpropertiesof
thesolarwind in theouterheliospherecanbewell producedby ourmodel.

Futurework

Our 1-Dmulti-fluid MHD modelin theouterheliospherehasbeenprovedto berelatively
accurateandusefulin interpretingsolarwind observationsin theotherheliosphere,howevera
full understandingof thepropagationandevolutionof theinterplanetarydisturbancesrequires2-
D and3-D model.Significanteffortswill put into extensionsto 2-Dand3-Dcodeduring the
following years.

Shocksareanimportantcomponentof the interplanetarydisturbances.In additionto case
studiessingleevents,weplanto investigatethestatisticalcharactersof shocks,their occurrence
rats,strengths,etc.during thesecondyear.

We will alsosearchinterplanetarycoronalmassejections(ICMEs)eventsobservedby
multiplespacecraft,studythepropagationandevolutionof theICMEs in theouterheliosphere,
andusethemastestbedfor our 2-Dor 3-Dnumericalmodels.
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